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 31 
ABSTRACT 32 
 Citronella oil which is known as Java citronella oil is typically obtained from the leaves of 33 
Cymbopogon winterianus Jowitt and has been widely used as an antiseptic, fragrance flavor and 34 
many other applications. Systematic studies on the factors affecting the yield and composition of 35 
citronella oil are scarce. Hence, this study was carried out to investigate the influence of water stress 36 
(low to high) and plant age (0.5 to 5 years) on the yield and composition of citronella oil. Citronella 37 
leaves were dried at room temperature (26-30 °C) with a relative humidity of 62-74% for 3 d before 38 
the citronella oil was extracted using a steam distillation unit. Introducing a high-water stress 39 
condition to the plants increased the yield from 0.8%. (control) to 1.4% (high water stress) of dry 40 
weight basis. The geraniol content slightly increased from 15% to 17% whereas the citronellal 41 
content considerably increased from 31% to 44% when the plants were subjected to high water 42 
stress in comparison to the control. The effect of plant age on the yield and composition of 43 
citronella oil has also been evaluated. It was shown that the oil yield increased with plant age before 44 
it reached its plateau of 3.5 of dry weight basis at the age of 4 yr. However, the composition of 45 
citronella oil did not significantly vary with plant age.  46 
 47 
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 49 
INTRODUCTION 50 
The worldwide market of essential oil in 2011 was approximately $24 billion and the trade 51 
is increasing at about 10% of per year. As such makes essential oils as a very promising market 52 
because they are currently applied in different application such as flavor, fragrance and 53 
pharmaceutical (Quintans-Junior et al, 2008; Chen and Viljoen, 2010; Govindasamy et al., 2013; 54 
Simic et al., 2015; Bezerra et al, 2019).  Citronella oil is among the most utilized essential oil apart 55 
from orange and eucalyptus oil. Citronella oil is typically obtained from the leaves of Cymbopogon 56 
winterianus Jowitt which is a native plant in tropical and semitropical countries of Asia such as 57 
Indonesia and India (Simic et al., 2015).  58 
Citronella oil typically consists of 32-55% citronellal and 10-12% geraniol as the major 59 
components as well as 11-15% citronellol, 3-8% geraniol acetate, 2-4% citronellal acetate and other 60 
 3 
 
terpene and terpenoid compounds (Quintans-Junior et al, 2008; Timung et al., 2016). Citronella oil 61 
which is known as Java citronella has been widely used as an antiseptic, antispasmodic, diuretic and 62 
febrifuge as well as a fragrance component in cosmetics and as a flavor ingredient by the food 63 
industry (Lawless, 2002).  The global demand of citronella oil is around 2000-2500 tons/yr but only 64 
50-60% of this demand is available in the market. China as the major producing country of 65 
citronella oil supplies approximately 500-600 tons/year. Indonesia as the third largest producer can 66 
only provide 200-250 tons/year (Rizal et al., 2009).  67 
The limited supply of citronella oil in the market is mainly due to its low yield and high 68 
production cost. Steam distillation is the traditional process to obtain citronella oil from the leaves. 69 
This method is also extensively used in the aromatic industry due to its cheaper operating cost when 70 
compared with the supercritical fluid extraction (Malauluan and Malauluan, 2015).  However, the 71 
yield of citronella oil obtained via steam distillation of citronella leaves is only about 1.5 to 3 wt%, 72 
d.b. (Hanaa et al., 2012, Kakaraparthi et al., 2014). In addition, low amount of citronellal and 73 
geraniol content in the citronella oil also limits the supply of high-quality citronella oil to be used 74 
for fragrance and therapeutic applications.  75 
Systematic studies on the factors affecting the yield and composition of citronella oil are 76 
scarce. Sangwan et al. (1994) studied the effect of drought stress on growth and essential oil 77 
metabolism in citronella (Cymbopogon nardus and Cymbopogon pendulus). The results revealed 78 
that plant growth was reduced considerably under mild and moderate water stress whilst the major 79 
oil constituents, geraniol and citronellal, increased substantially in both the Cymbopogon species. In 80 
a recent study, Kakaraparthi et al. (2014) have studied the influence of harvesting time (10 to 90 d) 81 
on the yield and composition of citronella oil. The study reported an increase in limonene, 82 
citronellol and geraniol content of essential with an increase in age of plant.   83 
This study attempts to investigate the influence of water stress and plant age on the yield and 84 
composition of citronella oil. These two factors have shown to be of high importance in determining 85 
the yield and composition of citronella oil (Kakaraparthi et al., 2014, Rocha et al., 2014). 86 
 87 
MATERIALS AND METHODS 88 
 Citronella plants (Cymbopogon winterianus Jowitt) were obtained from Kebun Percobaan 89 
Manoko (KPM), West Java which is the center of citronella plantation in Indonesia.  The plantation 90 
is located at an altitude of 1200 m over the sea level with a geographical bearing of 6°48'23"S, 91 
107°36'49"E. The climate of the region is tropical with an average temperature of 21 °C and a 92 
relative humidity of 82%. The mean annual rainfall of this region is generally in the range of 1500-93 
2250 mm per year.  94 
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In this study, the effect of water stress and plant age on the yield and chemical composition 95 
was of citronella oil carried out in parallel. Growing of the plant and harvesting of the leaves for 96 
both experiments were performed at KPM from January to June 2015.  97 
 98 
Water stress treatment 99 
 Matured healthy slips (rooted tiller) of citronella variety “G2” were planted in twelve 100 
polybags at KPM for approximately 0.5 year (6 months) under standard conditions. After that, the 101 
plants were subjected under different water stress conditions for 45 d particularly moderate and 102 
high-water stress as well as control (four polybags per water stress conditions). This was achieved 103 
by watering the plants once every three days (600 mL/three days) for moderate water stress. High 104 
water stress was achieved by not watering the plants for the period of 45 d whereas the control 105 
(unstressed) plants were watered daily (600 mL/day). Watering of the plants was carried out in the 106 
morning around 09.00 h. After 45 d, the leaves were harvested and weighed. The harvested leaves 107 
were dried (shade-drying) at room temperature (26-30 °C) with a relative humidity of 62-74%  for 3 108 
d before the citronella oil was extracted using a steam distillation unit. After the extraction, the yield 109 
and composition of the citronella oil was determined. 110 
 111 
Plant age treatment 112 
 Citronella plants at KPM between the age of 0.5 to 5 year (three healthy clumps per plant 113 
age) that have not been subjected to harvest for the past 30-60 d after the previous harvesting were 114 
selected for this study to investigate the effect of plant age on the yield and composition of 115 
citronella oil. The leaves were harvested from the respective plant between the ages of 0.5 to 5 year 116 
and weighed. The harvested leaves were dried (shade-drying) at room temperature (26-30 °C) with 117 
a relative humidity of 62-74% for 3 d before the citronella oil was extracted using a steam 118 
distillation unit. After the extraction, the yield and composition of the citronella oil was determined. 119 
 120 
Extraction of citronella oil via steam distillation 121 
 Approximately 180-610 g of citronella leaves were subjected to a 1-L capacity of steam 122 
distillation unit to extract the essential oil. The distillation was carried out at 97 °C and 0.9 atm for 4 123 
hr. The temperature of cooling water in the condenser was set at 27 °C with a flow rate of 10 124 
mL/sec. The distilled sample containing water and citronella oil was separated using a separatory 125 
funnel. The citronella oil was weighed to calculate the yield and analyzed with GC-MS to determine 126 
its composition. 127 
 128 
Data analysis 129 
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 The oil yield is defined as the amount of distilled citronella oil obtained from a certain 130 
amount of citronella leaves (eq. 1). 131 
Yield (wt%, d. b. ) =  
amount of distilled citronella oil (g)
amount of citronella leaves (g)
 x 100      132 
 (1) 133 
The productivity of citronella oil is defined as the product of oil yield multiplied with the mass of 134 
citronella leaves divided by the plantation area and harvesting period (eq. 2). 135 
Productivity (
kg
ha.yr
) =
yield (wt%,d.b.) x  mass of citronella leaves (kg)
plantation area (ha)x harvesting period (yr)
     136 
 (2) 137 
It was assumed that the distance between plants is 1m x 1m. It is also assumed that the citronella 138 
leaves can be harvested at the age of 0.5 yr and after 1 year the leaves can be harvested every 0.25 139 
year (Sukamto et al, 2011). 140 
 141 
Analytical methods 142 
 The total moisture content of the samples was determined by drying the fresh leaves in the 143 
oven at 80 °C until constant weight. The composition of citronella oil was analyzed by gas 144 
chromatography-mass spectrometry (GC-MS) using a Shimadzu GCMS-QP2010 Plus device.  A 145 
capillary column of Zebron ZB5MS (30 m length x 0.32 mm internal diameter and 0.25 μm film 146 
thickness) was used.  Helium was used as the gas carrier at 86.1 kPa. The oven temperature was 147 
initially set at 90 °C for 4.5 min. Next, the temperature was increased to 150 °C at a rate of 7 148 
°C/min. The temperature was then increased at 10°C/min to 170°C and held for 8 min at this 149 
temperature. The injector and detector temperature were set at 250 °C. 150 
 151 
RESULTS AND DISCUSSION 152 
Effect of water stress on the weight and moisture content of citronella leaf 153 
 The effect of moderate and high-water stress on citronella plants were investigated by 154 
adjusting the amount of water input given to the plants. After 45 d of treatment, the leaves were 155 
harvested and shade-drying at room temperature (26-30 °C). The total weight of the harvested 156 
leaves and the moisture content were determined, and the results are shown in Figure 1 and Figure 157 
2. From Figure 1, it can be observed that after 45 d of treatment, the fresh weight of citronella 158 
leaves per clump that were subjected to high water content was almost three times lower than the 159 
control plants and thereby reducing the moisture. The remaining moisture content did not change 160 
significantly for citronella plants subjected to moderate water stress whereas for the plants subjected 161 
to high water stress, the moisture content considerably decreased by 20.4% as compared to the 162 
control (Figure 2).   163 
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 164 
 165 
Figure 1 Total weight (fresh and dry basis) of citronella leaf after 45 d of water stress treatment 166 
(plant age of approximately 0.5 yr) 167 
 168 
 169 
 170 
Figure 2 Moisture content of citronella leaf after 45 d of water stress treatment (plant age of 171 
approximately 0.5 yr) 172 
 173 
The leaves dry weight for citronella plants subjected to moderate water stress only slightly 174 
decreased by 3.1% over the control. Whereas for the plants subjected to high water stress, the leaves 175 
dry weight significantly decreased by 43.6% as compared to the control. These results are in line 176 
with the previous research which explained that citronella plants assumed an adaptive strategy by 177 
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sacrificing growth for long term survival under water stress conditions (Sangwan et al, 1994; 178 
Timung et al., 2016). 179 
 180 
Effect of water stress on the yield and composition of citronella oil 181 
 Citronella oil was extracted from the air-dried leaves using a steam distillation unit. After 182 
extraction, the yield and productivity of the citronella oil were determined, and the results are 183 
shown in Table 1. The yield of citronella oil varies from 0.8 to 1.4 wt%, d.b (dry basis) which is 184 
equivalent to an increase of 75%. The essential oil obtained from the citronella leaves belongs to the 185 
terpenes, particularly monoterpenes. The biosynthesis pathway of citronella oil includes several 186 
stages to produce geranyl pyrophosphate (GPP) which later transformed into geraniol. Geraniol is 187 
then converted into citronellol via enol formation while oxidation convert citronellol to form 188 
citronellal. It has been previously demonstrated that water stress increased the enzymatic activity of 189 
geraniol dehydrogenase (GeDH) in producing geraniol and citronellal (Sangwan et al. (1994; 190 
Timung et al., 2016).  Hence, the increasing enzymatic activity of GeDH resulted in a higher 191 
amount of citronella oil synthesized by the plants when subjected under high water stress (Table 1).  192 
Table 1 Experimental yield of and estimated productivity of Citronella oil after 45 d of treatment 193 
(plant age of approximately 0.5 yr) 194 
Treatment 
Yield of citronella 
oil (wt%, d.b.) 
Productivity of citronella 
oil (kg/ha/yr) 
Control 0.8 ± 0.19 45 ± 11 
Moderate water stress 0.9 ± 0.10 49 ± 5 
High water stress 1.4 ± 0.18 45 ± 6 
 195 
The yield of citronella oil obtained here is considerably lower than the oil yield reported in 196 
the literature which lies in the range of 1.5 to 3 wt%, d.b. (Hanaa et al., 2012, Kakaraprthi et al., 197 
2014) which may be contributed by relatively high moisture content of the leaves for efficient 198 
extraction of citronella oil from the leaves. It was reported in the literature that reducing the 199 
moisture content of the leaves up to 10 wt% may soften the plant cell membrane which lead to 200 
higher oil release and consequently improved oil yield (Moncada et al., 2014; Timung et al., 2016).   201 
The composition of citronella oil obtained from the water stress conditions was analysed 202 
with GC-MS and the results are shown in Table 2. The major compounds are citronellal (27-44%), 203 
citronellol (21-22%) and geraniol (15-17%). The geraniol and citronellal content obtained in this 204 
work are well within the range obtained in other studies that are 12-27% for geraniol and 27-45% 205 
for citronellal (Ketaren, 1985, Kakaraparthi et al., 2014, Simic et al., 2015). Other components 206 
include limonene (4%), caryophyllene (3-4%), δ -cadinene (2-4%), germacrene-D (1-2%) as well as 207 
other terpenes.  208 
 8 
 
From Table 2, it can be observed that the geraniol content increased up to 17% whereas the 209 
geraniol content considerably increased up to 41% when the plants were subjected to high water 210 
stress in comparison to the control. The citronellol content was not affected by the water stress 211 
treatment due to its role as an intermediate product between geraniol and citronellal (Harris, 1987).  212 
The total citronellal and geraniol content of the citronella oil increased with increasing water 213 
stress from 75.7% (unstressed) to 81.5% (high water stress). The results highlighted that high-water 214 
stress treatment increased the citronellal content in the citronella oil up to 43.7% which lies at the 215 
high end of citronella content (32-45%) reported in the literature. A high citronellal content is an 216 
indication of a high quality and price of citronella oil (Beneti et al., 2011; Timung et al, 2016; 217 
Gavahian et al., 2018) and as such can be achieved by introducing high water stress to citronella 218 
plants as demonstrated in this study. Hence, it can be said that introduction of water stress to 219 
citronella plants increased both the oil yield and the total content of citronellal and geraniol in 220 
citronella oil. 221 
 222 
Table 2 Composition of citronella oil after 45 d of water stress treatment 223 
Component 
Content (%)  
Control Moderate water stress 
High water 
stress 
Ref.b) 
Limonene 3.88 3.71 3.58 2.2-3.91 
Linalool 0.67 0.63 0.77 0.76-0.8 
Citronellal 31.08 40.12 43.74 27.0-45.0 
Isopulegol 0.44 0.43 0.58 0.3-3.67 
Neral 0.25 0.24 n.d.a) 0.31 
Citronellol 21.82 20.97 20.88 5.4-6.9 
Nerol 0.33 0.31 0.34 0.6-0.8 
Geraniol 14.50 14.61 16.88 12-26.7 
Geranial 0.18 0.21 n.d.a) 0.82-1.0 
Citronellyl acetate n.d.a) 0.23 0.23 2.21-5.3 
Eugenol 0.66 0.49 0.29 0.9-1.06 
Geranyl acetate 0.35 0.38 0.40 9-14.8 
ß-Elemene 0.52 0.68 0.59 0.7-1.0 
Caryophyllene 3.36 3.77 3.32 0.21-0.28 
α –Humelene 0.47 0.52 0.43 - 
Germacrene-D 1.48 1.37 1.26 0.4-0.7 
γ-Murrolene n.d.a) 0.78 0.76 0.2-0.79 
γ –Cadinene n.d.a) 0.91 1.28 0.57-1.0 
δ-Cadinene 3.74 3.23 1.50 1-2.32 
Elemol 0.78 1.16 0.2 6.19-8.3 
a) n.d., not detected based on GC-MS analysis  224 
b) Quintans-Junior et al (2008); Kakaraparthi et al (2014), Simic et al (2015) 225 
 226 
Effect of water stress on the estimated productivity of citronella oil 227 
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 The productivity of citronella oil as shown in Table 1 is estimated from the oil yield and 228 
mass of the leaves per citronella plant. It is assumed that there are 10,000 Citronella plants in one-229 
hectare land (1m x 1m distance between plants). It is also assumed that the citronella leaves can be 230 
harvested at the age of 0.5 yr and can be harvested twice in the first year of plantation (Sukamto et 231 
al, 2011). Taking into account the age of the citronella plants used in this study is 0.5 yr, the 232 
productivity of citronella oil for the control is 45 ± 11 kg/ha.yr. When subjected to moderate water 233 
stress conditions, the productivity slightly increased to 49 ± 5 kg/ha.yr. At higher water stress 234 
conditions, the productivity decreased to 45 ± 6 kg/ha.yr. Although the oil yield increased when 235 
subjected to water stress conditions, the productivity did not significantly increase due to overall 236 
decrease in the total weight of citronella leaves after 45 d of treatment as shown in Table 1.  237 
 238 
Effect of plant age on the morphological characters of citronella leaf 239 
 Citronella plants at the age of 0.5 to 5 yr were grown at KPM under standard conditions 240 
(watered on a daily basis) for 30-60 d before the leaves were harvested. The total weight and 241 
number of leaves per plant as well as the length and width of the leaves were measured, and the 242 
results are shown in Table 3. From the table, it can be observed that plant age influenced the total 243 
weight and number of leaves per plant as well as the length and width of the leaves. At the age of 4 244 
yr, citronella plants had 453 ± 6.7 leaf per plant which is 72% more than the plant at the age of 0.5 245 
yr. The total weight of the leaf also greatly increased by 116% in comparison the plant at the age of 246 
0.5 yr. The length of each leaf also increased considerably by 47% in comparison the plant at the 247 
age of 0.5 yr. The weight of individual citronella leaf was in the range of 0.8-1.3 g and did not 248 
significantly vary with the plant age. 249 
 250 
Effect of plant age on the yield and composition of citronella oil 251 
 The moisture content of the harvested leaves for all plant age was in the range of 60-63 252 
wt%. After 3 d of shade-drying at room temperature (26-30 °C), the moisture content of the leaves 253 
was in the range of 14-18 wt%. Citronella oil was extracted from the air-dried leaves using a steam 254 
distillation unit. After the extraction, the yield and composition of the citronella oil was determined, 255 
and the results are shown in Table 4. 256 
From Table 4, it can be observed that the oil yield lies in the range of 2.7-3.5 wt%, d.b. The 257 
yield increased with plant age before it slightly decreased after the age of 4 yr. The results are in 258 
agreement with the study carried out by Sofyan (2008) that the productive age for citronella plant is 259 
4 yr after which the biosynthesis of citronella oil decreased with increasing age. It has been 260 
previously reported that periodically harvesting the leaves may trigger the self-defensive 261 
mechanism within the plant by producing more essential oil which reached its plateau at the age of 262 
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4 yr. Citronella oil which primarily consist of terpenes may become toxic when accumulated at very 263 
large amounts particularly at the age of 4 yr. Hence, the biosynthesis of citronella oil within the 264 
plant was reduced with increasing age. 265 
The oil yield shown in Table 4 is considerably higher than the yield presented in Table 1. 266 
The differences in the oil yield may be contributed by the moisture content of leaves after the 267 
shade-drying process. Although all the leaves for both water stress and plant age treatment were 268 
shade-drying for 3 d at room temperature (26-30 °C) with a relative humidity of 62-74%, the 269 
moisture content of the leaves varies significantly between the water stress (34-45%) and plant age 270 
treatment (14-18%). 271 
Table 3 Morphological characters of harvested citronella leaves after 30-60 d grown under standard 272 
conditions at KPM 273 
Age (yr) 
Total weight of leaf 
per clump (g, d.b.) 
Total number of 
leaf per clump 
Length (cm) Width (cm) 
0.5 205.1 ± 1.4 264 ± 9.4 55.6 ± 2.0 1.4 ± 0.1 
1 357.6 ± 9.2 286 ± 6.8 62.0 ± 1.0 1.9 ± 0.1 
2 407.8 ± 7.4 321 ± 4.0 67.9 ± 0.4 1.7 ± 0.1 
3 411.3 ± 14.4 409 ± 2.0 74.2 ± 0.8 2.4 ± 0.1 
4 443.7 ± 13.3 453 ± 6.7 81.7 ± 1.5 2.2 ± 0.1 
5 418.7 ± 6.4 437 ± 7.8 70.0 ± 1.3 2.2 ± 0.1 
  274 
Table 4 Experimental yield of and estimated productivity of citronella oil after 30-60 d grown under 275 
standard conditions at KPM 276 
Plant age (yr) 
Yield of citronella 
oil (wt%, d.b.) 
Productivity of citronella 
oil (kg/ha/yr) 
0.5 2.7 ± 0.12 139 ± 7 
1 2.8 ± 0.03 362 ± 5 
2 3.1 ± 0.13 464 ± 20 
3 3.7 ± 0.10 533 ± 28 
4 3.8 ± 0.24 629 ± 42 
5 3.5 ± 0.04 528 ± 10 
 277 
As such highlights the importance of a controlled drying process because the fluctuation in 278 
ambient temperature and relative humidity as well as ventilation may have a significant effect on 279 
the rate of moisture removal from the leaves. When the moisture content of the leaves prior to 280 
distillation was in the range of 34-45% (depending on the water stress treatment), the extracted 281 
citronella oil was lower which corresponds to an oil yield in the range of 0.8 to 1.4 wt%, d.b. 282 
Whereas when the moisture content of the leaves prior to distillation was in the range of 14-18% 283 
(plant age treatment), the extracted citronella oil was higher with the calculated yield lies in the 284 
range of 2.7 to 3.5 wt%, d.b., depending on plant age.  285 
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 These results indicate the importance of the pre-drying process to reduce the moisture 286 
content of the leaves prior to distillation in order to obtain a high oil yield. Hanaa et al. (2012) has 287 
demonstrated that the yield of essential oil from Cymbopogon citratus was influenced by drying 288 
methods. They reported that oven drying (45 °C for 7 h) gave the highest essential percentage (2.45 289 
wt%, d.b.) compared to shade-drying (48 h with oil yield of 2.12 wt%, d.b.) and sun-drying (36 h) 290 
methods (2.10 wt%, d.b.). The composition of citronella oil obtained from different plant age was 291 
analyzed with GC-MS and the results are shown in Figure 3. 292 
 293 
Figure 3 Composition of citronellal, citronellol and geraniol in citronella oil as a function of plant 294 
age 295 
 296 
Similar with the results obtained from the previous section, the major compounds are 297 
citronellal (38-46%), citronellol (16-21%) and geraniol (13-21%). Other components include 298 
caryophyllene (3-5%), limonene (3-4%), δ-Cadinene (2-5%), γ -Cadinene (1-3%) as well as other 299 
terpenes (data not shown).  From Figure 1, it can be observed that the essential oil extracted from 300 
the plant age of 4 yr had the highest amount of citronellal and citronellol and the lowest amount of 301 
geraniol. In contrast, the essential oil extracted from the plant age of 5 yr had the lowest amount of 302 
citronellal and citronellol and the highest amount of geraniol. The total amount of citronellal, 303 
citronellol and geraniol was the highest for the essential oil extracted from the plant age of 4 yr 304 
(79%) and decreased to 74% when the plant age was 5 yr. This finding is also supported by the 305 
results from previous studies that the chemical composition of essential oil was highly influenced 306 
by harvesttime time (Kakaraparthi et al. 2014; Costa et al., 2016). 307 
 308 
Effect of plant age on the estimated productivity of citronella oil 309 
 The productivity of citronella oil as shown in Table 4 is estimated from the oil yield and 310 
mass of the leaves per citronella plant. It is assumed that there are 10,000 Citronella plants in one-311 
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hectare land (1m x 1m distance between plants). It is also assumed that the Citronella leaves can be 312 
harvested at the age of 0.5 yr and after 1 yr the leaves can be harvested every 0.25 yr (Sukamto et 313 
al, 2011). The productivity increased from 139 ± 7 kg/ha.yr to 629 ± 42 kg/ha.yr as the plant age 314 
increased from 0.5 to 4 yr. As the plant age increased, the leaf area and total number of leaves per 315 
plant increased and consequently more cells were able to synthesize citronella oil (Kakaraparthi, 316 
2014). At the age of 5 yr, the oil yield decreased and consequently the productivity also decreased 317 
to 528 ± 10 kg/ha.year.  318 
In a previous study by Sofyan (2008), he investigated the effect of plant age on the amount 319 
of harvested citronella leaves. It was reported that the production of citronella fresh weight leaves 320 
increased from 20.000 kg to 60.000 kg as the plant age increased from 0.5 to 4 yr. By assuming an 321 
oil yield of 0.8-1.2 wt% (fresh weight basis), he estimated that the productivity of citronella in year 322 
4 lies in the range of 422-633 kg/ha.yr. From Table 4, it can be observed that the estimated 323 
productivity of citronella oil obtained from the plant age of 4 yr was 629 kg/ha.yr. This value is at 324 
the high end of the estimated productivity of citronella oil reported by Sofyan (2008).  325 
 326 
CONCLUSION 327 
The influence of water stress on the yield and composition of citronella oil has been 328 
investigated. Water stress condition was shown to have a positive effect on the yield and 329 
composition of citronella oil. Introducing a high-water stress condition to the plants increased the 330 
yield from 0.8 wt%, d.b. (control) to 1.4 wt%, d.b. (high water stress). The geraniol content slightly 331 
increased from 15% to 17% whereas the citronellal content considerably increased from 31% to 332 
44% when the plants were subjected to high water stress in comparison to the control. In addition, 333 
the effect of plant age on the yield and composition of citronella oil has also been evaluated. It was 334 
shown that the oil yield increased with plant age before it reached its plateau of 3.5 wt%, d.b. at the 335 
age of 4 yr. However, the composition of citronella oil did not significantly vary with plant age. The 336 
productivity of citronella oil as a function of plant age has also been assessed. It was estimated that 337 
629 kg/ha.yr of citronella oil can be obtained from citronella plants with a productive age of 4 yr. 338 
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